ABSTRACT
Introductıon
in grain legumes, proteins are an important seed component. the chickpea seed is a good source of carbohydrates and proteins, which together constitute 80% of the total dry seed weight. Plant improvement is both a branch of science and a field that requires scientific studies. In other words, it is the sum total of biotechnological features that encompass quantitative and qualitative properties. Molecular markers have proved to be valuable tools in the characterization and evaluation of genetic diversity within and between species and populations. A number of DnA based markers are now available for the effective quantification of genetic variation in plant species. the most important factor for plant improvement, on the other hand, is the effective use of molecular markers. in markerassisted selection, a procedure based on marker is effective in improvement and application of quantitative characteristics. Marker-based techniques help scientists to gain better understanding. thus, improvers and geneticists encompass all conducted applications to form the genom map and to express all these characteristics. it is again the markers that enable morphological characteristics to be expressed. however, the use of markers for such purposes is limited (12) . Molecular markers are also used to determine and analyse similarities between closely related species and genotypes. Moreover, these molecular marker systems, which are based on PcR application, are extremely important to increase agricultural yield and resistance to stress conditions and diseases, to determine gene sequences, improve different genotypes and to solve genetical problems (14) . Band profiles in plant materials result from DnA fragments in parents. RAPD can cause genotyping errors due to competition of all RAPD fragments in the amplification. The markers generated by ISSR and RAPD assays can provide practical information for the management of genetic resources. traits determined by RAPD technique are highly polymorphic and useful in studies on chickpea concerning its genetic diversity (7), phylogeny (2), gene tagging (6) and evolutionary biology (8) . to our knowledge, no comprehensive effort has been made to investigate turkey's chickpea species using DnA markers. PcR-based iSSR (inter Simple Sequence Repeats) fragments were preferred in this study because they were dominant markers and they exhibited high polymorphism due to changes in repeated sequences (7, 10) . Besides, this marker is important due to its economy and high reliability in genome mapping, marker-assisted selection and phylogenetic studies. We demonstrated with the present study that various PcR parameters are also important. the aims of this research were to study the genetic diversity in the turkey's chickpea germplasm using RAPD and iSSR markers, morphological traits and to provide a better understanding of the genetic diversity in chickpea collection for development of superior chickpea genotypes.
Materials and Methods
Plant material two additional genotypes were added to the study, an experimental line and a commercial cultivar. these were control chickpea genotypes of C. arietinum FliP84-92c(3) resistant to Ascochyta blight, C. reticulatum Pi599072 susceptible to
MOLECULAR ANALYSIS OF CHICKPEA SPECIES THROUGH MOLECULAR MARKERS
h.c. Vural 1 and A. Akcin Ascochyta blight. ten chickpea species that were studied and the two control ones were obtained from Anadolu Agricultural Research institute (AARi), eskisehir, turkey.
Molecular material
Five primers were obtained from invitrogen, england. they are Gc-rich trinucleotide generated bands that are away from one another, and separable, which increases the specificity of the primers ( Table 1) . Annealing (extension of bases through sticking to one another) ensures fixation of temperature and thus better results are obtained.
DNA isolation
chickpea seeds were germinated in 25-30 diameter pots containing soil, sand and organic manure in glass house and field. Plant tissue samples were collected from both field and glass house, frozen in liquid nitrogen and stored -80 o c for future use. DnA was extracted from both fresh and stored tissue samples. DnA from chickpea seeds was isolated by using eZ1 nucleic acid isolation equipment (qiagen, eZ1 Biorobot). Furthermore, total genomic DnA from fresh plant samples was isolated following the protocol given by Doyle (1) as modified by Panguluri et al. (5) . DnA concentration for all samples was estimated using a DnA ladder of known concentration and a spectrophotometer at 260 and 280 nm. Working stocks of DnA were then prepared based on both estimates.
DNA digestion by restriction endonuclease
The purity of the DNA was confirmed by means of complete EcoRi/HindIII digestion and monitoring the banding profile of the digested DnA after incubating the reaction mixture at 55ºc for 2 h. this indicated that isolated DnA was amenable for further downstream applications. the size of each allele was scored against a digestion of EcoRi/Hindiii using several samples with alleles of known size as standards in each gel. min. Final elongation segment was held for 8 min. Polymerase chain reactions were carried out in a BioRad thermocyler. the amplification products were resolved by ethidium bromidestained agarose gel electrophoresis. the ethidium bromide luminescence from the ccD camera is integrated for 1-2 sec into the computer memory directly from the gel on the UV transilluminator using Gel Doc 1000 system (Bio-Rad) ( Table 2) .
RAPD-PCR analysis

ISSR-PCR analysis
PCR reaction mix (25 μl) contained 60 ng template DNA, 1.2 U of Taq DnA polymerase, 1.5 mmol/l Mgcl 2 , 0.25 mmol/l each of dATP, dTTP, dCTP, and dGTP, 0.4 μmol/L primer. Amplification was performed in a thermal cycler (Bio-Rad) with profile: 94°C, 5 min; 45 cycles of 94°C fr 1 min, 52°C for 45 sec and 72°C for 2 min; and final extension at 72°C, 5 min. A negative contrast with no DnA was included in each PCR run. The amplification was repeated at least twice. PCR products were separated according to size on 2% agarose gels in a 1XTAE buffer, stained with ethidium bromide (0.5 μg/ml), visualized with ultraviolet light and photographed ( Table 2) .
Results and Discussion
Molecular markers allow for the extension of traditional breeding methods with one important difference to transfer greater variety of genetic information in a more precise and controlled manner. Marker-assisted selection for important but complex traits, which are often difficult to select in the routine breeding programs, will enhance the breeding programs in terms of better-focused products and save time and resources. Plant breeding or genetic improvement is based on the genetic variation within species that is usually expressed in terms of genetic alleles that occur at each of the given set of observable loci and the relative frequencies of their presence among individuals in the population. With the advent of molecular markers, a new generation of markers has been introduced over the last two decades, which has revolutionized the entire scenario of biological sciences (12) . DnA based molecular markers have acted as versatile tools and have found their own position in various fields like taxonomy, physiology, embryology, genetic engineering, etc. They are no longer looked upon as simple DNA fingerprinting markers in variability studies or as mere forensic tools. ever since their development, they are constantly being modified to enhance their utility and to bring about automation in the process of genome analysis. the discovery of PcR was a landmark in this effort and proved to be a unique process that brought about a new class of DNA profiling markers (11) . in this study different described scale methods can be consistently used to obtain good quality of genomic DnA from chickpea genotypes for RAPD-PcR, iSSR-PcR applications and molecular breeding in the future. Furthermore, here, we use iSSR (inter-Simple Sequence Repeats) method to detect specific fragments among sample species. ISSR technology is based on amplification of microsatellite areas (100-300 bp) which are near one another and in reverse direction. Annealing temperatures of primers need to be determined separately, but the favourable temparature for the primers we used was 36-60 o c at the least ( Table 2 ). All tested primers, a total of five primers, which gave the strongest, clearest and most reproducible bands, were then chosen for further study. As seen in Fig. 1 , iSSR primer UBc 836 provided an approximately 700 bp band unique to the species. the speciesspecific band could be also obtained in wild population. Furthermore, we hope the information here would contribute to the conservation of the endangered species, which are the key steps in crop improvement programme through marker development and genetic engineering techniques. thus, it was necessary to devise an appropriate protocol for DnA extraction from chickpea. here we describe simple, rapid, inexpensive and efficient DNA isolation protocols that can be routinely used in PcR based molecular marker studies and analysis of transgenics through PcR, and restriction enzyme digestion. When genomic DnA was extracted from chickpea the DnA solutions by CTAB method were of a sufficient purity (A 260 / A 280 =1.7-2.0). it was possible to extract it by eZ1 nucleic acid DNA isolation method and DNA was also of a sufficient purity (A 260 /A 280 =1.7-1.8), and eZ1 nucleic acid isolation methods were found rapid and simple extractoin methods for material such as chickpea. Reproducible amplification was observed in PcR reaction in several independent extractions and replicates. in addition, sequencing the RAPD markers will enable us to design primers spesific to these markers, thereby alleviating any RAPD reproducibility problems ( Fig. 2 and Fig. 3) .With the iSSR primers, the presence of multiple bands was found for 5 primers. From the subset of primers that produced multiple bands, reactions using 12 individuals were run to test for band reproducibility. three primers had bands that had a high degree of reproducibility. All P values in statistical analyses were significant at the <0.05 level. estimation bias can lead to the overestimation of parameters by as much as 5% in the dominant marker data produced by RAPD and iSSR analysis. Four distinct clusters were observed and represented C. arietinum, C. reticulatum and c. echinospermum in the first cluster, followed by C. chorassanicum and C. yamashitae in the second cluster, while C. pinnatifidum, C. judaicum and C. bijugum formed the third cluster. Cicer cuneatum did not cluster with any of the species and was most distantly placed from the cultivated species. except for the placement of C. chorassanicum and C. yamashitae, deduced species' relationships agreed with previous studies. In addition, species-diagnostic amplification products specific to all the nine species were identified. The results clearly demonstrate a methodology based on randomprimed DNA amplification that can be used for studying Cicer phylogeny and chickpea improvement. From these observations it can be concluded that iSSR technique is superior over RAPD for fingerprinting of Chickpea genotypes. Two marker systems showed clear differentiation of chickpea genotypes. cluster analysis by the unweighted pair group method (UPGMA) of Jaccard's similarity and neighbour-Joining analysis of total character difference generated dendograms with similar topology. Parsimony analysis also generated a tree that was in broad agreement with the two dendograms. this iSSR analysis was demonstrated to be available for the phylogenetic study and the cultivar identification. Distances were used to obtain dendrograms (3). First, RAPD and iSSR distances were used separately obtaining dendrograms with similar clustering (not shown). in both cases there was a perfect discrimination at the sub-specific and specific levels. To sum up, both RAPD and ISSR markers contribute with a significant number of polymorphic markers which could be useful in identifying chickpea cultivars, contributing to saturate genetic maps, in marker assisted selection, but which also could contribute useful data in phylogenetic analyses in the genus cicer. Turkey is one of the significant and unique countries in the world from the point of view of plant genetic resources and plant diversity. the country has more than 3 000 endemic plants and immense diversity has been reported in many legumes such as Vicia, Medicago, Trifolium, Lathyrus, Onbrychis, Trigonella, Pisum, Cicer, Lens, etc. (9) . Many genera of cultivated plants like Cicer, Lens, Pisum, Amygladus, Prunus, Triticum, etc. have their center of origin and/or diversity in this country (13) . Among various DnA duplication events, microsatellites also referred as simple sequence repeats (SSR) are stretches of DnA containing tandem repeating di-tri-or tetra nucleotide units ubiquitously distributed throughout the eukaryotic genomes. they are found to be abundant in plant genomes and are thought to be the major source of genetic variation in quantitative traits. SSR are becoming the standard DnA markers for plant genome analysis and are being used in markers in marker-assisted breeding. A wide variety of methods for construction of libraries enriched for microsatellite sequences have been reported, the most popular among those being the ones based on vectorette PcR using anchored primers. the development of microsatellite markers through these laboratory based screening of SSR enriched genomic libraries is highly time consuming and expensive. An alternative in well-studied species where abundant sequence data is already available is to use bioinformatics to screen these databases for sequences that contain SSR. Since the advent of recombinant DnA technology in population genetics in the mid-1980s, the repertoire of genetic markers available for population studies and for crop improvement has increased enormously. Plant breeding has changed with the introduction of these molecular techniques. Molecular markers allow for the extension of traditional breeding methods with one important difference to transfer greater variety of genetic information in a more precise and controlled manner. Marker-assisted selection for important but complex traits, which are often difficult to select in the routine breeding programs, will enhance the breeding programs in terms of better-focused products and save time and resources. Plant breeding or genetic improvement is based on the genetic variation within species that is usually expressed in terms of genetic alleles that occur at each of the given set of observable loci and the relative frequencies of their presence among individuals in the population. With the advent of molecular markers, a new generation of markers has been introduced over the last two decades, which has revolutionized the entire scenario of biological sciences (12) . DnA based molecular markers have acted as versatile tools and have found their own position in various fields like taxonomy, physiology, embryology, genetic engineering, etc. they are no longer looked upon as simple DNA fingerprinting markers in variability studies or as mere forensic tools. ever since their development, they are constantly being modified to enhance their utility and to bring about automation in the process of genome analysis. the discovery of PcR was a landmark in this effort and proved to be a unique process that brought about a new class of DNA profiling markers (11) .
Data Analysis
Each fragment that was amplified using ISSR primers was treated as a unit character and scored in terms of binary code (1/0). only reproducible bands were considered for scoring. A number of fragments scored from 10 genotypes by 5 primers were analyzed. to investigate the genetic relationships among accessions, genetic distances between all pairs of individual accessions were estimated as GD= ln[2n ij /(n i +n j )], where n ij is the number of bands found in both accessions i and j, and n i and n j are the numbers of bands found in accession i and j, respectively (4). A dendrogram was constructed based on genetic distance using UPGMA. each fragment that was amplified using RAPD primers was treated as a unit character and scored in terms of binary code (+/-). only reproducible bands were considered for scoring. total number of fragments scored from 10 genotypes by 5 primers were analyzed. Comparison of each primer's profile was made on the basis of the presence or absence of PcR fragments at positions. only bands repeatable in at least 2 experiments with the same primer at different times were evaluated. 
Conclusions
We described simple, rapid, inexpensive and efficient DNA isolation protocols that can be routinely used in PcR based molecular marker studies and analysis of transgenics through PcR, and restriction enzyme digestion. Genomic DnA was extracted from chickpea using ctAB method and eZ1 Nucleic acid isolation method were of a sufficient purity (A 260 / A 280 =1.7-2.0). it is possible to determine plants that possess desired qualities in earlier generations using molecular methods (DnA marker techniques) and combine gene areas bearing the desired qualities in commercially used varieties. in this study different scale methods described can be used consistently to obtain good quality of genomic DnA from chickpea genotypes for RAPD-PcR, iSSR-PcR applications and molecular breeding in the future. All primers tested, five primers, which gave the strongest, clearest and most reproducible bands, were then chosen for further study. iSSR technology is based on amplification of microsatellite areas (100-300 bp) which are near one another and in reverse direction. iSSR primer UBc 836 provided an approximately 700 bp band unique to the species. The species-specific band could be obtained in both wild population. From these observations it can be concluded that ISSR technique is superior over RAPD for fingerprinting of chickpea genotypes. two marker systems showed clear differentiation of chickpea genotypes. cluster analysis by the unweighted pair group method (UPGMA) of Jaccard's similarity and neighbour-Joining analysis of total character difference generated dendograms with similar topology.
